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Des^ptlon 

This invention relates to a linkage mechanism and 
assembly for transmitting first and second opposing 
actuating forces, and more particularly to a linkage 
mechanism for driving a vrark member^ such as the jaws 
of a surgical forceps, between an open and a closed 
position. 

There are a number of instruments in the prior art 
wherein distal jaws are remotely actuated to open and 
dose them. Rather than rely on tiny pivot pins to l^nge 
two jaws together, arcuate flanges and grooves pivota- 
biy interconnect the jaw men^ens with a coupling mem- 
ber that also serves as an actuating member to drive the 
jaws together or apart, depending on the direction in 
which the cot4)ling member is moved ^gnlficant 
mechanfoal advantage is achieved by spreadng the 
centers of rotation muc^ forther apart than that which 
would be achieved using pivot pins mounted within the 
jaws. 

German Utility Model Q 90 1 0 804.3 is typical of the 
prior art and relates to a surj^cal instrument wherein the 
distal Jaws are remotely actuated to open and dose uti- 
lizing a coupling member thai conneds the movable 
portion of the jaw with a remote actuating member in 
con^ination with a traverse pin that permits a swinging 
movement of the swingable jaw against the fixed jaw 
pari 

Because the coupOng member described in the 
prior art is a solid, rigid element whfoh exiends from the 
movable jaw meirtjer to a handle mechanism, the cou- 
pling member itself rises and falls over its entire length 
during operation of the jaws. The coupling member 
rises and falls within an open groove in the instalment 
This is acceptai^e for many surgical procedures includ- 
ing arthroscopic knee surgery, but does not provide a 
fluid-tight seal between the distal and prcmntai ends of 
the instrument. 

A gas-tight seal is desirable in some procedures 
such as iaparoscopy and other surgical operations In 
which a pressure differential exists between the interior 
and the exterior of a patient The pressure differential 
therefore is experienced between the distal and proxi- 
mal ends of a laparoscopic instrument. 

A grasper and dissector surgical instrument for 
Iaparoscopy is In the prior art and available to the surgi- 
cal community The instrument has dual moving jaws 
which are connected together by a central pivot pin. 
Each movable jaw is s^arately interconnected by a 
pivot pin fo the distal end of a Hnk member. TTie two link 
members are interconnected at the proximal end with 
an actuator by a "T projection of the actuator which fits 
into a recess within each link. The rise and fell motion of 
each link is relatively limited. 

Therefore, it is one of the objects of the present 
invention to actuate the jaws of a surgical instrument 
while maintaining a gas-tight seal between the distal 
and proximal ends of the instrument 



It is a further object of the Inventfon to provide a 
linkage mechanism which can carry an arcuate flange 
or groove at its drslal end without defeating the gas^ght 
seal. 

s A furtiier ot^ect of this invention is to provide a link- 
age mechanism whid) restrids rise and fall pivot action 
to a relatively short length of the overall instrument. 

Another ot^ed of tiie invention is to provide such an 
instrument which enables convenient and repeated 
JO assembly and disassembly. 

Yet another dsjed of tiie invention is to provide an 
improved linkage assembly witich limits deformation of 
an 0-ring. 

This invention results from tiie realization tiiat an 
t5 improved gas-titfit surgical instrument having powerfid 
jaws can be achieved by restricting vertical rise and fall 
of pivoting action to a relatively short link that is movaWy 
interconnected at its distal end to a jaw meniser and is 
pivotably interconneded at its proximal end to an actu- 
» ating member* and t>y utilizing a separate shoukler ele- 
ment to transmit a large force in one diredion. 

This Invention features a fink for tiransmltting actuat- 
ing forces from an acfajating member to a work men*er- 
The link indudes a link body having a ctistal end and a 
?5 proximal end. The distal end of the link body is movaWy 
interconnected witii tiie wori< member by distal Intercon- 
nection means such as an arcuate groove-and-ftange 
as8enrt3ly, and Is interconneded at its i»'oximal end t>y 
proximal ptvotal interconnection mean& The proximal 
\o means transmits a f irst actuating force from ttie actuat- 
ing merrier to the vfork member. A shoulder, disposed 
on tiie link body preferably between tiie distal and prox- 
imal means for interconnecting, engages tiie aduating 
member when a second, greater aduating force is 
5 applied to tiie actuating member in a direction oj^site 
to tiiat of tiie first aduating force. The greater force is 
thereto transmitted to ttie work member. 

In one embodiment, the distal interconnection 
means Includes eitiier an arcuate flange or an arcuate 
0 groove for Interiocking witii an arcuate groove or an 
arcuate flange, respectfuSy. of tiie wort< member. Alter- 
natively, tfie distal interconnection means Is a pivot pin. 
The proximal means for interconnecting may include 
one or more projections extending from the (ink body to 
s fit wittiin corresponding recesses in tiie actuating mem- 
ber. Preferably, tiie distal interconnection means and 
the prosdmal interconnection means are formed inte- 
grally with ttie link body, which Is fomied of a metal such 
as stainless steel. 
J In a preferred embodiment tiie shoulder includes 
lateral projedions extending from either side of tiie link 
body, each projection defining a concave proximal end 
face which engages matching convex surfaces of the 
actuating member to enable the rise and fall pivoting 
> adion of the link. The link may further Indude a stop ele- 
ment, associated wrtii the distal interconnedion means, 
for timiting movement of tiie work member relative to tiie 
link. 
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Thte Invention also features a link assembly for driv- 
ing a work member, the assembly including a link as 
described above and an actuating member with one or 
two distally projecting fingers. Each finger has a distal 
lead surface which engages a proximal end face of the 
shoukier to transmit a strong pushing forca 

Preferably, the Onk assembly is disposed within a 
surgical instrument having one or two movable jaws 
which are interconnected with one or two Gnks that are 
driven by a single actuating member. 

Other objects, features and advantages will occur 
from the following description of a preferred embodi* 
ment and the accompanying drawings, in which: 

Rg. 1 is a partial-cutaway skJe view of a surgical 

fbrceps incorporating a link assembly according to 

the present invention at its distal end and an actua- 

\of drive anrangement at Its proximal end; 

Rg. 2 is a schematic axonometric view of the link 

according to the present invention; 

Rg. 3 is a partial cross-sectional view of the distal 

portion of the surgical forceps of Rg. 1 ; 

Rg. 4 is a schemata top cross-sectional view of the 

actuator disposed wthin the dstal portion of the 

outer tube and the proximal portion of the stationary 

jaw of the instrument and carrynig an Of ing and a 

spacer: . 

F^. 5 is a schematic partial top plan view illustrating 
. assembly and disassenrdsly of the link with respect 
to the two distal fingers of the actuator; 
Rgs. 6A and 6B are schematic top plan views 
Tshowing the transmission of first arxi second actua- 
tion forces, respectively; 
Fig. 7 is an axonometric view of the spacer; 
Rgs. 8A and 8B are schematic top and side views, 
respectively, of an alternative link assembly accord- 
ing to this invention; 

Rg. 9 is a schematic partial-cross sectional top 

view of yet anolher link assembly having two links 

according to the present inventic^; 

Rgs. 10A and 10B are schematic skle views of the 

assembly of Rg. 9 in the dosed and open positions. 

respectively; 

Rg. 11 A and 11 B are schematic «de and top viewsi 
respectively, of another link assembly according to 
the subject invention in which the actuator projects 
Into a stot in the link; 

Fig. 12 is a partial ooss-sectional view of yet 
another fink assembly of the present Invention in 
which the link defines a cavity into which a portion 
of the actuator projects; 

Fig. 13 is an axonometric view of a still further link 
assembly of the present Invention In which the link 
and actuator are coupled by an arcuate groove- 
and-flange anangement; and 
Figs. 14A and 14B are schematic axonometric 
views illustrating yet another link assembly of the 
present invention. 



This invention may be accomplished by a link ele- 
. ment arxl an assent using the link element, which 
transmits first and secorxf actuating forces from an 
actuating member to a work member such as one or 

5 more jaws of a surgical flftstrument The &ik is movabty 
interconnected at its dstal end witti tiie work menid)er 
and is plvotably interconnected at its proximal er>d with 
the actuating member. Afirst actuating force Is transmit- 
ted from tiie actuating member to tiie work mentber 

w through a proximal interconnectfon element. 

A second, greater actuating force is transmitted by 
engagement between a shoulder of tiie link and a distal 
region of tiie actuating menft>er. Alternatively, atone or 
in combination wtii a shoulder, a second curvilinear 

IS surface of tiie proximal interconnection element 
receives the second actuating fbrc& For transmission of 
tfie second force, the actuating member defines a ti^ans- 
mitiing surface having a curvature which matches tiiat 
of the Onk*s second cun/iUnear surface to facilitate tiie 

20 vertical rise and fan of tiie link. 

The link is especially useful in minimally Invasive 
surgery such as laparoscope. During laparoscopy. elon- 
gated instruments are passed tiirough an elongated 
cannula, and a higher pressure differential is main- 

25 talned witiiln tiie patient t>y Injection of a nontoxic gas to 
better expose tissue for tiie surgeon. A link assembly 
according to tiie present invention enat^es an actuatt^* 
member to reciprocate Bnearly withki a gas-tight instm- 
ment shaft wittiout defeating a seal about tiie actuator 

$0 member, 

A surgical instrument 1 0 according to the present 
invention is shown in Rg. 1 having a link ass6mt)Iy 12. a 
proximal handle assembly 14, and a central elongated 
section 16. The center section 16 is established by an 

35 outer cpndittt 1 8 witiiln wlitch an actuator rod 20 recip- 
rocates. The proximal end of tiie conduit 18 is secured 
to a handle body 22 of tiie handle assembly 14 by a set 
screw 24. The handle body 22 is a continuous piece 
which terminates in an arm 26. A recess 28 is formed 

40 wHhin tiie handle body 22. extending distally from a 
proximal edge 30. shown in phantom. The recess 28 
extends completely through the upper side of the han- 
dle body 22 between a proximal point 32 and a distal 
point 34 to accept the upper portion of a moval^e arm 

45 36. 

The configuration of tiie handle assembly 1 4 in tills 
embodiment Is similar to that described in the prior art. 
When movable lock 38 Is slid inwardly, the movable 
arm 36 can be moved distally to pivot about pivot pin 40 

so to drive its upper portion proximaiiy The u^er portion 
of tiie movable arm 38 contains a rounded U-shaped 
recess 41 which engages a proximal projection 42 of 
tiie actuating rod 20. A proximal recess 44 is provided in 
tiie actuating rod 20 to asstet engagement witfi ttie mov- 

55 able arm 36. A second recess 46 Is provkied In tiie actu- 
ating rod 20 to receive a set screw 48 which serves as a 
stop to limit the recqsrocating motion of the actuating rod 
20. 
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The link assembly 12 in this embodiment comprises 
a stationary lower Jaw 50 which is attached by soldering 
or wekfing to the distal portion of the conduit 18. and an 
upper mo/abte jaw 5a The jaws 50. 52 serve as a 
toothed gra^r in this construction; alternatively, other 5 
types of jaws for forceps, punches or other instrments 
can be uiHized as described in the prior art 

The movable jaw 52 is interconnected with the actu- 
ating rod 20 by a Rnk 54 according to the present inven- 
tion, indicated in a phantom in Rg. 1. The link 54 is w 
shown in greater detaa in Fig. 2 after deassembly from 
the instrument 10. The INc 54 Includes a link body 60 
having an arcuate flange 62 at its distal end for intercon- 
nection with the movable jaw 52. Fig. 1. and opposing 
prcjections 64. 65 for interconnection with the actuating is 
rod 20 as described in more detail below. 

The link 54 further Includes an integral shoulder 66» 
Fig. 2. which prefects laterally to either skte of the Ifoik 
body 60. The shoulder 68 deftnes pPQ^cmnal curvilinear 
end faces 68. 70 wl^ch engage with the distal leading 20 
surfaces of the actuating rod 20. again as described in 
more detail below. Also described t»elow is the function 
of a notch 72 during dtsassembty. 

The interconnectkm of the arcuate flange 62 witii a 
correspondbfig groove ni the movable Jaw is similar to 2S 
that described in the prior art in which the dfetal end of 
the continuous coupling member carries an arcuate 
flange or groove. In contrast the link 54 is a separate 
member which cames the mov^e interconnection ele- 
ment in the present invention. 30 

The arcuate flange 62 is fonned by miBIng a semi- 
circular recess 74 In the ppper distal portion of the Imk 
body 60. A separate recess 76 Is mHied In an inverted 
U-shape proximal to the flange 62 to receive the proxi- 
mal portion of the movable jaw 52. A triangular portion 35 
78 remains extending from the fink body 60 to serve as 
a stop to limit the angle of opening of the movable jaw. 

The link assembly 12 is shown in greater detaO In 
Fig. 3. The left side of the stationary jaw 50 and the 
outer conduit 1 8 have been cut away for illustration pur- 4o 
poses. The flange 62 of the link 54 is shown interiocked 
vwlh a matching groove 80. shown in phantom, which is 
formed within the movable Jaw 52. The stationary jaw 50 
and the movable Jaw 52 are pivotakrfy interconnected by 
a pair of arcuate flange and grooves, represented by 4S 
arc 82. shown In phantom. 

The stationary jaw 50 defines lower and upper slots 
84, 86. respectively, through wrfilch movable jaw 52 and 
the link 54 are assembled and disassembled as 
described below. Also shown is a portion of a spacer 90 so 
according to the present invention and an 0-ring 92 
whkih establishes a seal between the actuator rod 20 
and the proximal cylindrical portion of the stationary jaw 
50. Approximately one-eighth inch of the outer proximal 
surface of the stationary jaw 50 has been nulled to fit ss 
within the distal end of the conduit 18. 

A top view of the link assembly 12 with the link 54 
removed is shown in Fig. 4. The actuating rod 20 in this 



construction tapers from a large^iameter region 93 to a 
narrow diameter region 97 through a transition region 
95. The actuator rod 20 terminates distally in a pair of 
fingers 94, 96 which define lateral openings 98, 100, 
respectively. 

The interconnection of the link 54 with the distal fin- 
gers 94, 96 is schematicaJly shown in Rg. 6. The con- 
vexly curved distal lead surfaces 102. 104 of the distal 
fingers 94, 96 are shown contacting the concave sur- 
faces 68, 70 of the shouteler 66. The conesponding con- 
vex and concave surfaces enable unrestricted rise and 
fell of the link 54 relative to the actuator rod 20. 

The projections 64. 65 have slanted proximal sur- 
faces 106. 108 to assist Insertion past the distal lead 
surfaces 1 02. 104 of the fingers 94. 96. Aitemativeiyi ^e 
inner edges of the fingers 94, 96 are chamfered along 
the vertical axis as well as being convex along the hori- 
zontal axis. 

During assemt^y, the movable jaw 52. Rg. 3, is 
inserted through upper slot 86 to engage the lower 
arcuate flange-and groove an^ngement indk^ated as 
arc 8^ After Jaw 52 has been Interconnected with the 
stationary jaw 50, the arcuate flange 62 of the link 54 is 
interconnected v^x the corresponding groove 80 of jaw 
52, The link 54 Is brought to rest in a horizontal position 
as shown In Rg. 3. The actuator rod 20 is then inserted 
distafly through tfie conduit 18 so that a proxirnal shaft 
portk>n 1 10 of the link 54 slides between the distal fin- 
gers 94. 96 until the projections 64. 65 snap nrto the 
openings 98. 100. 

During disassembly, the fingers 94. 96 must be 
spread apart so that the distal surfaces of the link pro- 
jections 64, 65 clear the edges of the openings 98, 100. 
To acconplish this, a blade 1 12 having a rectangular or 
elliptical cross-sectkm is Inserted into the slot 72. The 
blade 1 12 is rotated to place the blade 1 12 perpendicu- 
lar to the fingers 94, 96 which cams them apart as indi- 
cated in tfie phantom by lines 94a, 96a. The Knk 54 is 
then moved distally and upwardly to disengage it from 
the fingers 94a. 96a. or the actuating rod 20 is drawn 
proximally. 

The transmissk>n of actuation forces from actuating 
rod 20 to link 54 is shown schematically in Figs. 6A and 
6B. when tiie actuating rod 20 is pulled proximally as 
shown by arrow 118. the distal surfaces 120. 122 of the 
link projections 64. 65 engage the distal surfaces of the 
finger openings 98. 100. The link 54 is thereby pulled 
proximally to open the jaw 52 relative to the stationary 
jaw 50. 

The distal surfaces 120. 122 are curved in a pre- 
ferred embodiment as shown in Fig. 2 even though they 
appear flat in cross-section as shown in Figs. 6A and 
6B. Surfaces 120. 122 serve as first curvilinear surfaces 
for receiving the first pulling actuating force. 

Greater power Is required during closing of tiie 
jaws. To accomplish the transfer of a iarge amount of 
closing force, the openings 98. 100 are somewhat over- 
sized. espectaUy along the longitudinal axis, to altow tiie 
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distal ledd euH^ces 102. 104 of the fingers 94, 96 to 
directly engage the shoulder curvilinear surfaces 68. 70 
when Ihe actuating rod 20 is pushed distaliy in the direc- 
tion ^Kficated 1:^ arrow 124. 

Therefore, two different toci of force transfer, or 
altemating load*bearing surfaces, are accorrpTtshed 
with the present invention. Preferably, the force transfer 
surfaces are curved to facilitate the pivoting action of the 
link relative to the actuator. 

The spacer 90, which is shown in previous figures 
. but is omitted ^ Figs. 6A and 6B, is shown separately in 
greater detail in Fig. 7. The spaca^ 90 is oonprised of a 
space' body 130 having flattened lateral surfaces 132, 
134 which contact the inner lateral surfaces of the distal 
fingers 94. 96. Uf^er and lower bearing surfaces 136. 
138 respedivefy. extend over and under the fingers 94, 
96 as illustrated in Rg. 4. The bearing surfaces 136, 138 
are arcuate to match the curvature of the condut 18. 

The spacer 90 assists restriction of the vertical nse 
and faS motion occurring within the link assembly 12 to 
the l&ik 54 atone. The ^cer 90 therefore afigns and 
positions the actuating rod 20 relative to the outer con- 
duit 1 8 and provides a bearing surfoce against the inner 
surface of the conduit 18. These advantages are 
achieved without relying on the O-ring 92. In fact, 
spacer 90 minimizes deformation of the Oring to main- 
tain a gas-tight seal. 

. Additiorially, the spacer 90 occupies volume that 
would othenvise be empty to prevent trapping and build- 
up of det^ris or other material within the space between 
the fingers 94, 96. Where the fingers 94, 96 meet at a 
rounded junction, as in the present construction, the 
spacer 90 includes a proximal rounded projection 140, 
Rg. 7 which nestles bto the junction to further occupy 
volume and to assist positioning on the spacer 90 rela* 
tive to the fingers 94, 96. 

Other configurations of spacer 90 will be apparent 
for other spatial relationships between the actuator 20 
and the conduit 18. For example, upper and lower tsear- 
ing surfaces 138, 138 can t>e extended toward each 
other to fonn a cylinder. One or more lateral sfits can be 
provided to allow a spreading apart of the distal fingers 
of the actuator during disassembly. 

Prefen-ed approximate dimensions and materials 
for several components for one constructiOT of the sur- 
gical instrument 10 are as follows. The jaws SO. 52 and 
the link 54 are tonned of 17*4PH (predpitation hard* 
ness) stainless steel which is readily available commer- 
cially. The link 54 has an overall length of 1.245 cm 
(0.49 inch) and a maximum height of 0.229 cm (0.09 
inch). The distal portion of the link 54 has a greatest 
width of 0.076 cm (0.030 inch) while the shoukJer 66 
has a maximum width of 1.473 cm (0.58 inch) and the 
proximal portion 1 10 has a width of 0.063 cm (0.025 
inch). The link projections 64, 65 have an overall diam- 
eter of 0.076 cm (0.030 inch) and project approximately 
0.025 cm (0.010 Inch) from the sides of proximal portion 
110. The notch 72 has a length of 0.102 cm (0.040 



inch). 

The actuator 20 is preferably formed of an elastic 
material such as custom 455 stainless steel available 
from Carpenter Stainless Steel of Reading, Penrisylva- 

5 nia. The elasticity allows repeated spreading and clos- 
ing of the distal fingers 94. 96 to allow assen^y and 
disaesen^y as desired. The actuator 20 has an overall 
length of approximately 37.846 ah (14.9 inch) while the 
fingers d4» 96 have an overall lengtfi of 0.787 cm (0.31 

w inch). The openings 98, 100 are 0.0787 cm (0.031 inch) 
diameter holes. The full-diameter portion 93 of the actu- 
ator member 20 is a rod having a diameter of 1.473 cm 
(0.58 inch) which tapers to narrow region 97 having a 
diameter of 1.829 cm (0.72 inch). 

19 In other embodiments, the openings 98, 100 and 
the link projection 64, 65 can be oUong. elliptical, rec- 
tangular or square, or different combinations tiiereof. 
Further, the openings 98. 100 can be partial recesses 
ratfier than ccmplete through-holes. The relative 

20 shapes of the Onk projection 64, 65 and the openings 
98, 100 can be selected to limit the rise and foil of tiie 
link 54 relative to the actuator member 20. For example, 
flat surfaces can be provided at the corners of a rectan- 
gular square projection to engage the upper surface of 

s$ a rectangular opening to limit upward pivoting motion. 
To asast assemUy and disassembly, tiie upper lat- 
eral surfeces of the fingers 94. 96 arvVor the upper sur- 
face of the proximal portion 1 10 can be chariifered In the . 
region of notch 72 to provkJe two "V angles into which 

30 two blades can be inserted parallel to tiie fingers 94. 96 
to assist spreading during di5assent)ly. 

The spacer 90 is fomied of an acetal resin. It has an 
overaU length of 0.437 cm (0.172 Inch) and a diameter 
of 0.226 cm (0.089 inch). The spacer body 130 has a 

35 width of 0.058 cm (0.023 inch). The 0-ring is formed of 
95% silicone and 5% polytetrafluoroetiiylene f'PTFE^. 
Botii the acetal resin and silicone/PTFE compositions 
have low coefficients of friction. 

The conduit 18 is stainless steel tubing of 303 or 

^0 304 stainless steel. The handle arms 36. 26 and handle 
body are formed of 303 stainless steel. 

The placement of a flange or a groove on the sta- 
tionary member 50 in tfie position Indicated as arc 82 In 
Fig. 3 depends upon the wall tiiidoiess of tiie jaw 50 

45 and whetiier, during use. the walls tend to be forced 
apart from.each otiier. A straight-sided flange placed on 
the outer stationary jaw member walls is preferred in 
most circumstances for ease of manufacture, but a 
dove-tail arrangement is usefol to resist lateral spread- 
so ing of tiie jaw walls. 

The projections 64, 65 of link 54 are preferably 
formed integrally by milling with drcular interpolation to 
form the projections. In otiier constructions, tiie projec- 
tions 64. 65 can be established by a pin which is fitted 

55 through a hole in the side of proximal portion 1 10. The 
integraily^-formed projections are desired because the 
problems of edge load of a pin on tiie rims of a hole are 
avoided. Edge load is particulariy important for a 
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smalier-sized tnstrumertts. 

An alternate link assembly suited for larger-sizecl 
instruments Is shown tn 8A and 8B. Link assembly 
12a is an alternative hinge-type arrangemmit which 
indudes a link 54a having a proxhnaJportksn 110a that s 
lies against single distal finger 1 40 of an actuator mem- 
ber 20d. The actuator meni^er 20a and the link 54a are 
pivotaWy interconnected by a pivot pin 142 which is 
threaded, pressed, or otherwise secured to the finger 
140. A head 144 prevents the pnoxima! portion 110a to 
from separating lateraOy away from the finger 140. The 
proximal portion 110a defines an over-sized hole 146 
which enables the alternate transmission of forces at 
different loci according to the present invention. 

When actuator 20a is advanced towaid the link 54a, is 
the distal lead surface 148 contacts the proximal sur- 
1^ 1 50 of the shoulder 66a. When the actuator 20a Is 
pulled proximally. the proximal surface of the hole 146 
contacts the prodmal surfece 150 of the pin 142. The 
contacting sur^ces 148, 150 are curved relative to each 2o 
other as shown in Fig. 8B to provide unrestricted pivot- 
ing acfioa 

An alternate Gnk assentbly 1 60 is shown In Rgs. 9- 
10B having two links 162. 164 whtoh are attached to 
movaWe jaws 1 66, 1 68, re^ectively. The link assembly 2s 
160 is shown in a closed position In top view In Rg. 9 
and In skle view in Fig. 10A. An actuator rod 170 recip- 
rocates within m outer tube 172. Eilipticai openings 
174, 176 are darned in distal fingers 178, 180. respec- 
tively, of the actuator 170. A projection 182 of the link 30 
162 extends into the opening 174 and a projection 184 
of the link 164 extends Into the opening 176. The links 
162. 1 64 are Irtterconnected at their c^ter by a projec- 
tion 186 of fink 162 which extends into recess 188 of link 
164. 3$ 

In the ck>sed position shown in Rgs. 9 and 1 0A. the 
leading distal edges of the fingers 1 78, 1 80 contact cor- 
responding shoulders 185. 187 of links 162. 164. The 
distal end of Knk 164 is interconnected with upper jaw 
I68byapin 190 whereas the link 164 is Interconnected 40 
with lower jaw 166 by a pin 192. The jaws 166, 168 are 
Interconnected with each other by a central pivot pin 
194 which extends through con-esponding hdes In the 
outer ttbe 172. Pivot pins 190, 192 lie distal to the cen- 
tral pin 194 as indicated by arrow 196. 4S 

Whan the actuator 170 is pulled proximally. the link 
projections 182. 184 contact the proximal edges of the 
openings 174. 176 to drive jaws 166, 168 in opposite 
direcfions as shown in Fig. lOB, The pivot pins 190. 192 
are pulled proximal to the central pin 194a$ indlcatedby $0 
arrow 198. 

Therefore, the reciprocation of a single actuator can 
drive two movable jaws when two links are used accord- 
ing to the present invention. As is exhibited in the previ- 
ously-described embodiments, the actuator directly ss 
contacts shouWers of ttie links to drive ttie jaws to a 
closed position while separate projections on the links 
engage different portions of the actuator to drive the 



jaws open. 

An alternative Inik assembly 200. FIga 11A-11B, 
includes a tang 202 of an actuator rod 204 which 
prpjects Into a slot 205 defined by prongs 206. 208 of a 
link 210. The tang 202 canies projections 212. 214 
which engage recces 216, 218 of the prongs 206. 
208. The link 210 defines one concave shoulder 220 at 
the junction of the prmgs 206, 208 and two convex 
shoulders 222, 224 which are defined by the proximal 
ends of the prongs 206. 208. The actuator 204 defines 
matching convex surface 230 and concave surfaces 
232. 234. respectively. 

Yet another link assembly 240 is shown in Fig. 12 
having a link 242 with a proximal portion 243 whk:h 
defines a cavity 244 Into which a tongue 246 of an actu- 
ator 248 is inserted. The tongue 246 defines cun/ilinear 
projections 2S0. 252 that fit within matching recesses 
254, 256. re^ectively. Cur>rflinear link surfaces 255. 
257 of the proximal portion 243 engage the actuator 
projections 250. 252 when aflrst, pulBng actuating fbrce 
is applied to the actuator 248. 

The recesses 254. 256 are somewhat oversized, at 
least In the longitudinal direction, to enable the projec- 
tions 250. 252 to move distally when the actuator 240 is 
pushed in the qsposlte direction. The shoulders 258, 
260 of the link 242 then contact matching surfaces 262. 
264. respectively, of aduator 248. The pairs of surfeces 
258. 260 and 262, 264 are oonrespondingly concave 
and convex, or convex and concave. 

The link assembly 240 is assembled and disassem- 
bled In a bayonet-type fashion: a cavity 244 is sk)ped 
and tvwsted so that the actuator 248 must be rotated 
ninety degrees during insertion and removal. 

Figs. 13 and 14A-14B Illustrate two addlttonal 
embodiments In which a link is insertat^e into an actua- 
tor rod and vertfeal rise and fell is restricted to the link. 
Both links define a proximal element having a first curvi- 
linear face for pivotaWy engaging a first surface of an 
actuating member to transmit a first actuating fbrce from 
the actuating member to a work member such as a 
movable jaw. The proximal element also has a second 
curvilinear face for pivotably engaging a second surface 
of the actuating menijer to transmit a second, greater 
actuating force applied to the actuating member in 
direction opposite to that of the first actuating force to 
transmit the second force to the work member. 

Unk assembly 270. Fig. 13, has a link 272 which 
pivotably engages an actuator 274. The link 272 has an 
arcuate flange 276 which engages an arcuate groove 
278 of the actuator 274. The link 272 further includes a 
distal interconnection element such as arcuate flange 
284 as shown. 

The arcuate groove 278 extends laterally from a 
jrfot 286 In the actuator 274 which enattes distal sec- 
tions 290. 292 to spread apart to receive the proximal 
end of the link 272 so that it can be longitudinally 
snapped into the actuator 274. A portion of a proximal 
shoulder face 280 of the fink 272 or a leading edge 294 
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of the actuator 274 can be chamfered to assist the 
insertion of the Gnk 272 into the actuator 274. 

The distal surface of the groove 278 contacts the 
first curvilinear linl< face 285 to transmit a first pulling 
actuating force. The proximal surface of the groove 278 
contacts the second curvilinear link face 280 to transmit 
the second, greater pushing actuating torca 

A channel 283 has a sufficient length along the lon- 
gitudinal axis to maoitain the pro)dmal face 287 of the 
link body 289 away from the distal face 282 of the link 
274. Alternatively, the channel 283 is shorter to aBow 
the face 287 to serve as a shoulder to receive the push- 
ing actuation force. In the alternative construction the 
face 282 is concave, as indcated in phantom by edge 
line 294a. 

The slot 286 is exaggerated for the purposes of 
illustration; preferat^y it is narrow and located relative to 
the central longitudinal axis of the actuator 274 so that 
force is directed as on-center as possible to the proxi- 
mal face 280 of the link 272. 

l.vik assembly 300, Rgs. 14A>14B, conprise a I'mk 
302 having a 8ut)stantially spherical. balMike proximal 
end 306 which la insertat^e into recess 308 of an actu* 
ator 304. The spherical end 306 includes a first curvilin- 
ear surface 310 and a second curvilinear surface 312 
whidi contacts the distal and proximal surfaces of 
spherical chamber 314 extencfing from the recess 308. 
the spherical arid 306. also referred to as a protuber- 
ance, has flat surfaces 316, 318 which sikie past flat- 
tened surfaces 320, 322. respectively, at the entrance to 
the recess 308. Once the link 302 is inserted so that the 
protuberance 306 has entered the chamber 314, the 
link 302 is rotated ninety degrees to the position shown 
in Rg, 14B. 

' The link 302 is formed as an integral piece which 
initially has an outer diameter corresponding to that of 
the protuberance 306. A main shaft 324 is ground down 
by milling, followed by formation of shaft 326 which ter- 
minates in arcuate flange 328 for interconnection with a 
work member such as a mov^le jaw. The recess 308, 
including the chambers 314 and 330, are formed by bor- 
ing. This embodiment further includes a spring chamber 
330 in which a spring 332 is disposed to minimize pos- 
sible vibrations and to improve the "feel" of the instru- 
ment during actuation. Preferably, different attoys of 
stainless steel are used as the materials for the above- 
identified components when used in a surgical Instru- 
ment. 

During actuation, a pulling force is transmitted to 
the Gnk 302 by contact with the first surface 310, and a 
second greater force can be transmitted to the link 302 
by contact of the proximal surfece of the chamber 314 
with the second curvilinear surface 312. Alternatively a 
shoulder 334. shown in phantom, can be added to con- 
tact the distal face 336 of the actuator 304 to transmit 
the pushing force. Preferably, both the proximal surface 
of the shoulder 334 and the lace 336 are curved In a 
mating fashion to facilitate vertical rise and fall of the link 



302. The chamber 31 4 in the alternative construction is 
sufficiently oversized, at least in the longitudinal direc- 
tion» to enable oontaa between the proximal surface of 
the shoukJer 334 and the (fistal actuator face 336. 
5 Although sp^ic features of the inventbn are 
shown tn some drawings and not in others, this is for 
convenience only as each feature may be combined 
with any or ail of the other features in accordance with 
the invention. 

10 Other embodiments will occur to those skilled in the 
art and are within the following claims. 

Claims 

15 1 . A link (54) for transmitting actuating forces from an 
actuating member (20) to a work mennber (52) com- 
prising: 

a link body (60) having a dtetal end and a prox- 

20 imate end; 

distal means dsposed proximate to said cfistal 
erKJ of said link t>ody. for mov^y interconnect- 
ing said Gnk body with the work mender, 
whereiri said distal means for interconnecting 

2S is selected from the group consisting of an 

arcuate flange (62). an arcuate groove (80), 
and a pivot (142); 

proximal means disposed to said proximal end 
of said firikbody (60). for f^votally interconnect- 
30 ing said link body (60) with the actuating mem- 

k>er (20), and for transmitting a first actuating 
force from the actuating member (20) to the 
work member (5) 

35 characterized in that said link txxfy (60) is provided 
vwth a shouteler (66) formed as an integral part of 
sakj link body (60) longitudinally spaced from sad 
proximal means for interconnecting, for engaging a 
distal tegm of the actuating member (20) when a 
40 second, greater actuating force (124) is appWed to 
the actuating mender (20) In a direction opposite to 
that of saki first actuating force (118) to transmit 
said second force (124) to the vrark member (52), 
said shoukler tnducfing at least one lateral projec- 
ts tion (64,65) friending from a side of said link body 
(60). said projection (64) defining a proximal end 
face (106) engageable with the distal regtoi of tiie 
actuataig member (20). 

so 2. The link (54) of claim 1 in which said pro3dmal 
means for interconnecting is one of (a) at least one 
projection (64,65) capable of fitting within a corre- 
sponding recess in the actuating member (20] and 
(b) at least one recess (98,100) for accepting a cor- 

55 responding projection (64.65) of sakf actuating 
member (20). 

3. The link (54) of any preceding claim in which said 
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Shoulder (66) is attached to said link body (60) 
between saki distai and proximal means for inter- 
connecting. 

4. The link (54) of any preceding claim in which said 
proximal means for interconnecting is constructed 
to transmit a puOing force from the actuating mem* 
ber (20) to drive the work member (52) proximally 
toward the actuating meniber (20). and sakI shoul- 
der (66) is configured to transmit a pushing force 
toward the work member (52) to drive the work 
member (52) distally. 

5. The link (54) of any preceding claim in which saki 
shoulder (66) is formed as an integral part of sad 
body (60) and eakl shoukJar (66) includes lateral 
projections (64,65) extending from either side of 
said link body (60). eacti projection (64.6^ defining 
a curvilinear pronmal end ^ce (68 JO). 

6. The link (54) of any predecfing claim further Includ- 
ing a stop element (78). associated with said distal 
means tor interconnecting, for limiting movement of 
the work member (52) relative to sakJ link (54). 

7. Assembly (12) of the link (54) together with the 
actuating member (20) of any preceding daim. ssdd 
aerating member (20) inducing at least one dis- 
tally projecting finger (94.98). said finger (94,96) 
ha\^g a distal lead surfoce which serves as s^d 
distal region for engaging said shoukler (66) of said 
link (54). and said finger (94.96) further defining a 
recess (98.100) proximal to sakJ distal lead surface 
for intertocking with said pioximal means for pivota- 
biy interconnecting. 

8. Assembly of Claim 7 in which said actuating mem- 
ber (20) includes two spaced distally projecting fin- 
gers (94.96). sakf shouWer (66) indudes lateral 
projections (64,65), each projection (64.65) defin- 
ing a concave proximal end face, and each finger 
(94.96) having a matching convex distal 1^ sur- 
fece. said proximal means for interconnecting 
includes a projection (64.65) extending from either 
side of said link body (60) and each sakJ distal fin- 
ger (94.96) indudes a conresponding recess 
(98.100) for receiving the respective projection 
(94,96), and said distal means and said proximal 
means are formed Integrally with sad ink body. 
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9, The link (54) of any preceding daim together with 
the following components of a surgical instrument: 

a first movable jaw member (52) as the work 
member; 

a second jaw member (50); 

a conduit (18) having an inner passage extend* 

Ing through it; and 
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the actuating member (20) being slidabty dis- 
posed within saki conduit (18). 

Fatentansprttche 

1 . Vert)indungsstQck (54) zum Obertragen von Betfttfo 
gungskrdften von einem Betdtigungsglied (20) zu 
^nem ArbettsgTied (52). umliassend: 

einen VerbindungstQck-KOrper (60) mit einem 
distalen Ende und einem proximaien Ende. 
eine distale Einrichtung, die benachbart dem 
distalen Ende des VerbindungsstOck-KOrpeis 
angeordnet ist. urn den VerbindungsstOck-KOr- 
per bewe^^ar tret dem Arbeitsglied zu verfoin- 
den, wob^ die distale Einrichtung zum 
Verbinden ausgewdhit ist aus der Gruppe 
bestehend aus einem bogenfOrmigen Flansch 
(62), einer bogenfOrmigen Nut (80) und einer 
Drehachse (142), 

eine proxrmale Einn'chtung. die an dem proxi- 
malen Ende des ViarfolndungsstOck-KOrpers 
(60) angeordnet ist, urn den VerbindungsstOck- 
KOrper (60) drdibar ntit dem Belfttigungsglied 
(20) zu vert^nden und zum Obertragen einer 
ersten Betatigungskraft vom Betatigungsgfied 
(20) zum ArbeHsglied (52), 

dadurch gekennzeichnet. daB der Verbindungs- 
slQck'KOrper (60) mit einer Schulter (66) vwsehen 
Ist, die a!s ein integraler Tell des Verbindungsstuck- 
KOrpers (60) in Ungsrichtung im Abstand von der 
proximaien Einrichtung zum Verbinden ausgeblldet 
ist. zum Etngriff einer distalen Region des Betati- 
gungsgliedes (20). wenn eine zweite grOBere Beta- 
tigung^aft (124) in einer der ersten 
Betatigungskraft (118) en^egengesetzten Rich- 
tung auf das Betatigungsglied (20) ausgeObt wird. 
um die zweite Kraft (124) auf das Arbeitsglied (52) 
zu Obertragen, wobei die Schulter mindestens 
einen seifiichen Vorspning (64.6Q einschfieSt, der 
sich von einer Seite des VeibindungsstOck-KOrpers 
(60) aus erstreckt. wobei der Vorsprung (64) eine 
proximale Endfiache (106) bildet. die mit der dista- 
len Region des Betatigungsgliedes (20) in Eingriff 
brin^Ktrlst 

2. VerbindungsstOck (54) nach Anspruch 1. bei dem 
die proximale Einrichtung zum VertJinden eine ist 
aus (a) mindestens einem Vorsprung (64,65), der in 
eine entsprechende Ausnehmung im Betatigungs- 
glied (20) ^npaBbar ist und (b) mindestens eine 
Ausnehmung (98,100) zur Aufhahme eines ent- 
sprechenden Vorsprunges (64,65) des Betdti- 
gungsgliedes (20). 

3. VerbindungsstOck (54) nach einem vortiergehen- 
den Anspruch. bei dem die Schulter (66) zwischen 
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der dietalen und der proximaien Einrichtung zum 
Verbind^ an dem VerbindungsstQck-Kdrper (60) 
angebracht ist 

4. Vert»ndungsstOck (54) nach etnem vorhergehen- s 
dsn Anspru^ bei dem die proximale Einrichtung 
zum Verbinden derart konstruiert ist daf) sta eine 
Zugkraft vom Betatigur^sgiied (20) (bertrdgt. urn 
das ArbeHsglied (52) pro)dmal zum Beiattgungs- 
gired (20) hin anzutreiben, und wobei die Schulter w 
(66) derart konflguriert Ist, daS sfe eine Sto6kraft 
gegen das Arbeitsglied (52) Qbertrdgt urn das 
Arl}eitsg!ied (52) distal anzutreiben. 

5. VerbindungsstOcIc (54) nach einem vorhergehen- is 
den Anspruch, worin die Schuiter (66) als ein inte- 
graler Teil des KOrpers (60) ausgebildet ist« und die 
Schulter (66) seitiiche VorsprOnge (64.65) ein- 
schiieBt. die sich von jeder Seite des Verbindungs- 
stOck'Kdrpeis (60) aus erstreckea wobei jeder 20 
\A)rsprung (64,65) dne gelcrOmmte, proximale Erid- 
fiaGhe(6870)bildet 

6. Vert^ndimgsstOck (54) riach dnem vorhergehen- 
den Anspruch. das welter ein Anschlagelement 2$ 
(78) a'nschlie3t das in Verbindung steht mit der 
distaten Einrichtung zum Verbinden. urn die Bewe- 
guhg des Arbeitsgliedes (52) mit Bezug auf das 
VerbindungsstOdc (54) zu begrenzen. 

^0 

7. Bauetnheit (12) des VeibindungsstOckes (54) 
zusammen mit dem Betatigungsglied (20) nach 
einem vorhergehenden Anspruch. wobei das Beta- 
tigungsgiied (20) mtndestens einen distal vorsprnv 
genden Rnger (94,96) eInschlieSt. der Fbiger 3S 
(94,96) eine distale vordere Oberflache aufwelst 

die als die distale Region zum Eingriff der Schulter 
(66) des VerbindungsstOcl<es (54) dient, und der 
Finger (94,96) werter eine Ausnehmung (98.100) 
proximal zu der distalen vorderen Oberfiache zum 40 
Ineinandergreifen mit der proximaien Bnrichtung 
zumdrehbaren Verbinden bildet. 

8. Baueinheit nach Anspruch 7. b& der das Betati- 
gungsglied (20) zwei beabstandete. distal vorsprin- 45 
gende Finger (94,96) einschlieBt. die Schulter (66) 
seitflche VorsprQnge (64,65) einschlieOt, wobei 
jeder Vorsprung (64.65) eine Iconkave proximale 
Endfiache bildet und jeder Rnger (94,96) eine pas* 
sende konvexe distale vordere Oberf Idche aufwelst so 
die proximate Einrichtung zum Vefbinden dnen 
Vorsprung (64,65) einschlieBt, der sich von jeder 
Seite des VerisindungsstOct^-Kdrpers (60) aus 
erstreckt, und jeder distale Finger (94,96) eine ent- 
sprechende Ausnehmung (98,100) zur Autnahme ss 
des entsprechenden Vorsprunges (94,96) ein- 
schlieBt, und die distale Einrichtung und die proxi- 
male Einrichtung Integral mit dem 



VerbindungsstQd<-Kdrper ausgebildet sind 

9. VeriDindungsstQck (54) nach einem vorhergehen- 
den Anspnich zusanunen ntit den iblgenden Kom- 
ponenten eines chirurglSGhen Instmmentes: 

einer ersten bewegbaren Backe (S2) als dem 
Arbeitsglied. 

einer zweiten Backe (50). 
einem Rohr (18) mit einem sich hindurcher- 
Btred^enden. inneren Durchgang, unddem ver- 
5chiet)bar in dem Rohr (18) angeordneten 
Betatigungsglied (20). 

Revendlcatlons 

1 . Element (54) pour transmettre des forces de com- 
mande» k partir dun organe de commande (20). ^ 
un organe de manoeuvre (SZ), oomportant : 

- un corps tf^^nt (60) pr^entant une extr^ 
mit6 distale et une extr^itd proximale. 

- des moyens distaux dispose pr^ de Textr^- 
mtt6 distale du corps tfdl^ent pour relier de 
fagon mobile (edit corps d*^6ment k ('organe 
de manoeuvre, ces moyens de liaison distaux 
dtant choisis dans le grot^se comprenant une 
brkte arqu^e (62). une ratnure arqu^e (80) et 
unpvot(142). 

- des moyens proximaux dispose k I'extr^mitd 
proximale du corps d*616ment (60) pour relier 
de mam^e pivotante lecfit corps d'^6ment (60) 
k i'organe d*actk>nnement (20) et pour trans- 
mettre une premise force de commande, k 
partir de I'organe de commande (20). k 
{'organe de manoeuvre (52). 

caract^risd en ce que le corps d'^dment (60) est 
pourvu d'un ^auiement (66) con^ comme une 
partie solidaire du corps d'^^&it (60). espac^e 
longitudinalement des moyens de liaison proxi- 
maux. afin de ventr en contact avec une zone dis- 
tale de I'organe de commande (20) lorsqu'une 
seconde force de manoeuvre (124). plus giande, 
est appliqude k celui-ci dans une direcfion oppos6e 
k celle de la premidre force de manoeuvre (118). 
afin de transmettre la seconde force (124) d 
I'organe de manoeuvre (52). r6paulement conrpor- 
tant au moins une salilie lat^rale (64. 65) qui part 
d'un c6ik du corps d'dl^ment (60). la saillie (64) 
d^inissant une face d'extr^mit^ proximale (106) 
^te k venir en contact avec la zone distale de 
I'organe de commande (20). 

2. EI6ment (54) selon ta revendication 1, dans lequel 
les moyens de liaison proximaux consistent en (a) 
au moins une saillie (64. 65) apte k s'embolter dans 
un creux con^espondant de I'organe de commande 
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(20), et (b) au moins un creux (98. 100) destind k recewir (a eailtid respective (64, 65). et !es moyens 

recevoir une saillie correspondante (64. 65 de dfstauxetles moyens proximaux sent solidairesdu 

rorgane de commande (20). corps d-6)6ment. 



3* El^ent (54) sekm IVjne quelconque des revandi* 
cations pr^6dentes, dans tequel I'^aulement (66) 
est f ix6 au corps d'dt^ment (60) entre les nnoyens 
de liaison dtetaux et proximaux. 

4. El^ent (54) seton l*une qu^conque des revendi- 
cations prteddentes. dans tequel les moyens de 
liaison proximaux sont con^s pour transmettre 
une force de traction, d partir de I'organe de con> 
mande (20), afin de d^placer Torgane de manoeu* 
vre (52) vers le cOtd proximal, en direction de 
I'organe de commande (20), et I'^ulement (66) 
est (brnid de manidre k transmettre une force de 
pouss^e vers i'organe de manoeuvre (52) afin de 
d^placer cefui-ci vers le c6t^ distal. 

5. Element (54) seion rune quelconque des revendi- 
catlons pr^cdd^ites. dans lequel I'^ulement (66) 
est con^u comma une partie soiidaira du corps (60) 
et comprend des saltSes lattoles (64. 65) qui par- 
tent de chaque c6t6 du corps d*^l6ment (60). cha- 
que sailfie (64, 65) d^issant une <ace d'extr6mit6 
proximale curviHgne (68. 70). 



5 9. Element (54) sdon i'une quelconque des revendi* 
cations prteddentes. assodd aux 6l6ments sui- 
vantsd'un instrument chirurgical : 

• un premier organe formant m^choire mobile 

10 (52), comme organe de manoeuvre. 

- un second organe formant mdchoire (50). 

- un conduit (18) traverse par un passage Int6* 
rieur. et 

- I'organe de commande (20) dispose, coulis- 
'5 sant. k I1nt6rieur du condutt (18). 
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6. Element (54) selon Tune quelconque des revendi- 
cations pr6c§dentes. comportant ^galemem un 3o 
6f6ment d'arrdt (78), associd aux moyens de liaison 
distaux. pour iimiter le mouvement de I'organe de 
mano^vre (52) par rapport k i'6l6ment (54). 

7. EnsenA)le (12) form^ de P^ldment (54) et de 35 
rorgane de commande (20) selon I'une quelconque 
des revencfications pr6c^entes. ^nt prMs6 que 
rorgane de commande (20) conporte au moins 
une tige (94. 96). saiilant cdtd distal, qui presents 
une surface de gudage dietale qui sert de zone die* 40 
tale pour venir en contact avec I'^ulement (66) de 
r^l^ment (54). la tige (94. 96) ddflnissant 6gale- 
ment un creux (98. 100) proximal par rapport k la 
surface de guidage distale. pr^vu pour un t^ocage 
mutuel avec les moyens de liaison proximaux pivo- 4s 
tants. 



8. En8emt)le selon la revendication 7. dans lequel 
rorgane de commande (20) comporte deux tiges 
espac^es (94. 96) saiilant cOt6 distal. r6paulem«it so 
(66) comporte des saiflies lat^rales (64. 65). che- 
que saillie (64, 66) d6f inissant une face d'extr6mit6 
proximale concave tandis que chaque tige (94. 96) 
a une surface de guidage distale convexe adapt^e. 
les moyens de liaison proximaux comportent une ss 
saillie (64. 65) qui part de chaque c6t6 du corps 
d'6l6ment (60) et diaque tige distale (94, 96) com- 
porte un creux correspondant (98, 100) destine k 
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